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1. 

METHOD FOR FORMING STACKED 
VA-HOLES IN A MULTILAYER PRINTED 

CIRCUIT BOARD 

TECHNICAL FIELD 

The present invention generally relates to multilayer 
printed circuit boards, and more particularly relates to a 
method for forming stacked via-holes in a multilayer printed 
circuit board. 

BACKGROUND 

With the development of science and technology, micro 
phones, portable computers and other electronic products 
have achieved ever greater levels of miniaturization. In order 
to accommodate these products, inter-layer structure of mul 
tilayer printed circuit boards has become more and more 
complicated, thereby leading to the development of high 
density interconnection (HDI) technology using via-holes. 

Via-holes refer to plated holes that connect conductive 
traces from one layer to other layers of a multilayer printed 
circuit board. Via-holes facilitate HDI of multilayer printed 
circuit boards. Via-holes generally include blind vias, buried 
vias or through-hole vias. Blind vias are usually used for 
connecting the conductive traces from an outer layer to an 
inner layer of a multilayer printed circuit board. Buried vias 
are usually used for connecting the conductive traces between 
inner layers of a multilayer printed circuit board. Through 
hole vias are usually used for connecting the conductive 
traces on each layer of a multilayer printed circuit board. In 
HDI technology, referring to FIG. 3, a typical blind via with 
stepped structure is shown. Because the blind via is formed by 
two vias with different diameters stacked together, blind vias 
like this are generally called Stacked via-holes. 

Referring to FIGS. 4A-4G, as an example, a method for 
forming stacked via-holes in multilayer printed circuit boards 
generally includes the steps of firstly, referring to FIG. 4A, 
applying a substrate 100, which includes a base film 101 and 
two conductive layers 102 onto two opposite surfaces of the 
base film 101 thus forming conductive traces; secondly, refer 
ring to FIG. 4B, attaching a first film 110 onto each of the two 
conductive layers 102, each first film 110 including a first 
resin layer 114 and a first conductive layer 112 thereon, the 
first resin layer contacting with the conductive layer 102; 
thirdly, referring to FIG. 4C, forming a number of first win 
dows 130 at predetermined positions of the first conductive 
layer 112 using a photolithographic process; fourthly, refer 
ring to FIG. 4D, attaching a second film 120 on each of the 
two first films 110, each second film 120 including a second 
resin layer 124 and a second conductive layer 122 thereon, the 
second resin layer 124 contacting with the first conductive 
layer 112; fifthly, referring to FIG. 4E, forming a number of 
second windows 140 with larger diameters in different posi 
tions of the second conductive layer 122 corresponding to the 
first windows 130 using a photolithographic process; sixthly, 
referring to FIG. 4F, removing the second resin layer 124 
corresponding to the second windows 140 and the first resin 
layer 114 corresponding to the first windows 130 using a 
carbon dioxide laser to form a number of stacked via-holes 
150; finally, referring to FIG. 4G, plating the stacked via 
holes 150 to connect the conductive traces. 

However, the typical method for forming stacked via-holes 
150 in the multilayer printed circuit board described above 
has the following disadvantages. First of all, because forma 
tion of the second windows 140 is based on formation of the 
first windows 130, the first windows 130 in the first film 110 
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2 
and the second windows 140 in the second film 120 can 
undergo positional excursion, thereby affecting precision of 
the stacked via-holes 150. Secondly, during formation of the 
first windows 130 and the second windows 140, the photo 
lithographic process used many times can Suffer from 
increasing system error. Thirdly, the laser treatment is used 
only once, simultaneously removing both the first resin layer 
124 corresponding to the first window 130 and the second 
resin layer 124 corresponding to the second windows 140. So 
the strength of the laser cannot be adjusted according to 
windows with different diameters and resins with different 
characteristics. Referring to FIGS. 5A and 5B, different 
views of a typical poorly-made stacked via-hole formed due 
to above-described reasons are shown. The poorly-made 
stacked via-hole can cause potential short circuits, thereby 
affecting quality of final products. 
What is needed, therefore, is a method for forming stacked 

via-holes in multilayer printed circuitboards to improve qual 
ity of the stacked via-holes. 

SUMMARY 

One preferred embodiment provides a method for forming 
stacked via-holes in a multilayer printed circuit board. The 
method includes the steps of providing a base circuit board 
having conductive traces; attaching a first copper-coated-Sub 
strate having a first Substrate and a first copper layer thereon 
and a second copper-coated-Substrate having a second Sub 
strate and a second copper layer thereon onto the base circuit 
board in a manner such that the first substrate is brought into 
contact with the base circuitboard and the second substrate is 
brought into contact with the first copper layer; forming at 
least one first window in the second copper layer thereby 
yielding a residual second copper layer, forming a protective 
layer on the residual second copper layer, making at least one 
first hole in the second substrate through the at least one first 
window using a first laser treatment; forming at least one 
second window in the first copper layer through the at least 
one first hole; removing the protective layer, making at least 
one second hole in the first substrate through the at least one 
second window using a second laser treatment, thus allowing 
the at least one first window, the at least one first hole, the at 
least one second window and the at least one second hole to 
cooperatively format least one part-finished stacked via-hole; 
and plating a metal layer on an inner Surface of the at least one 
part-finished Stacked via-hole thereby forming at least one 
stacked via-hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Many aspects of the embodiments can be better understood 
with reference to the following drawings. The components in 
the drawings are not necessarily drawn to Scale, the emphasis 
instead being placed upon clearly illustrating the principles of 
embodiments. Moreover, in the drawings, like reference 
numerals designate corresponding parts throughout the dif 
ferent views. 

FIGS. 1A-1I are schematic views of successive stages of a 
method for forming stacked via-holes in a multilayer printed 
circuit board according to a preferred embodiment; 

FIG. 2A is a top view of a stacked via-hole before plating 
using the method according to the preferred embodiment; 
FIG.2B is a schematic, cross-sectional view of the stacked 

via-hole of FIG. 2A; 
FIG. 3 is a cross-sectional view of a typical stacked via 

hole; 
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FIGS. 4A-4G are schematic views of successive stages of 
a typical method for forming Stacked via-holes in a multilayer 
printed circuit board; 

FIG. 5A is a top view of a typical poorly-made stacked 
via-hole using the typical method for forming stacked via 
holes in a multilayer printed circuit board; and 

FIG. 5B is a schematic, cross-sectional view of the typical 
poorly-made stacked via-hole of FIG. 5A. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

An embodiment will now be described in detail below and 
with reference to the drawings. 

Referring to FIG. 1A-1I, a method for forming stacked 
via-holes in a multilayer printed circuit board includes the 
following steps. 

Step 1: referring to FIG. 1A, a base circuit board 200 is 
provided. The base circuit board 200 can be a single-layer 
structure or a multilayer structure containing two layers, four 
layers, six layers or more. In the embodiment, the base circuit 
board 200 is a single-layer two-side structure and includes a 
substrate 201 and two metal films 202 formed on two opposite 
surfaces of the substrate 201. Conductive traces can be 
formed on each metal film 202. In the embodiment, the metal 
film 202 can consist of copper. 

Step 2: referring to FIG. 1B, a first copper-coated-substrate 
210 and a second copper-coated-substrate 220 are attached 
onto the two metal films 202 of the base circuit board 200 on 
top of each other in that order. The first copper-coated-sub 
strate 210 includes a first substrate 212 brought into contact 
with the copper film 202 of the base circuit board 200 and a 
first copper layer 214 on the first substrate 212. The second 
copper-coated-substrate 220 includes a second substrate 222 
brought into contact with the first copper layer 214 and a 
second copper layer 224 on the second substrate 222. There 
fore, the second copper-coated-substrate 220 is an outermost 
layer and the first copper-coated-substrate 210 is a sub-outer 
layer of a preformed multilayer printed circuitboard. The first 
copper-coated-Substrate 210 and the second copper-coated 
substrate 220 can only be attached to one metal film 202 
having the conductive traces. 

The first copper-coated-substrate 210 and the second cop 
per-coated-Substrate 220 can be selected from a group con 
sisting of resin coated copper foil and prepreg copper-clad 
foil. Resin coated copper foil is generally produced by apply 
ing a resin varnish to an ultra-thin copper foil and drying the 
same. Prepregis an insulative reinforcement material Such as, 
for example, fibreglass fabric impregnated with epoxy resin. 
Laminating a copper foil onto a prepreg can form a prepreg 
copper-clad foil. Therefore, resin coated copper foil or 
prepreg copper-clad foil usually includes a resin layer used 
for insulation and a copper layer used for electric conduction. 

Step 3: referring to FIG. 1C, at least one first window 230 
is formed in the second copper layer 224 of the second cop 
per-coated-substrate 220 thereby yielding a residual second 
copper layer. The at least one first window 230 can beformed 
using a photolithographic process. The photolithographic 
process includes the steps of firstly, cleaning the Surface of 
the second copper layer 224; secondly, coating a photoresist 
layer Such as a liquid photoresist layer or a dry film photore 
sist layer onto the second copper layer 224; thirdly, exposing 
the photoresist layer with a photo mask with a predetermined 
pattern corresponding to position of the at least one first 
window 230; fourthly, developing (i.e., chemically treating 
exposed parts) using a developing agent to form a predeter 
mined photoresist pattern corresponding to a predetermined 
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4 
pattern of the photo mask covering the second copper layer 
224; fifthly, etching the uncovered parts of the second copper 
layer 224 corresponding to the at least one first window 230 to 
form the at least one first window 230 with a copper etchant; 
finally, removing the residual photoresist layer. 

Step 4: referring to FIG. 1D, two protective layers 204 are 
formed on each of the two residual second copper layers 224. 
The protective layer 204 can protect the residual region of the 
second copper layer 224 except for the region positioned 
corresponding to the at least one first window 230 during the 
following etching process. The protective layer 204 can be a 
material selected from a group consisting of metal or resin. 
The metal material can be tin, nickel, tin-lead alloy or inert 
metal. In the embodiment, the protective layer 204 is a tin 
layer. 

Step 5: referring to FIG. 1E, at least one first hole 240 is 
made in the second substrate 222 through the at least one first 
window 230 using a first laser treatment. The first laser treat 
ment can use a dioxide carbon laser. The dioxide carbon laser 
produces a beam of infrared light with the principal wave 
length bands centering around 9.4 and 10.6 micrometers. 
Therefore, the dioxide carbon laser can only melt and remove 
the second substrate 222 to form at least one first hole 240 in 
the second Substrate 222, so as to expose the first copper layer 
214 corresponding to melting and removing region of the 
second substrate 222. The at least one first hole 240 can be 
used for limiting diameter and position of at least one second 
window 250 (referring to FIG. 1F) formed in later steps, 
therefore, a diameter of the at least one first hole 240 should 
be equal to that of the at least one second window 250 formed 
in later steps. Meanwhile, a diameter of the at least one first 
hole 240 is also limited by that of the at least one first window 
230. The diameter of the at least one first hole 240 should be 
equal to or less than that of the at least one first window 230. 
Moreover, the at least one first hole 240 and the at least one 
first window 230 should be substantially concentric so as to 
assure that the at least one first window 230 and the at least 
one second window 250 formed in later steps can be essen 
tially concentric. In the embodiment, the diameter of the at 
least one first hole 240 is less than that of the at least one first 
window 230. 

Step 6: referring to FIG. 1F, at least one second window 
250 is formed in the first copper layer 214 through the at least 
one first hole 240. Theat least one second window 250 can be 
formed using an etching process. During the etching process, 
because the protective layer 204 protects the residual second 
copper layer 224, only the first copper layer 214 correspond 
ing to the at least one first hole 240 can be etched. Therefore, 
the at least one second window 250 can be formed in the 
region defined by the at least one first hole 240. A diameter of 
the at least one second window 250 can be equal to that of the 
at least one first hole 240. 

Step 7: referring to FIG.1G, the protective layer 204 can be 
removed after the formation of theat least one second window 
2SO. 

Step 8: referring to FIG. 1H, at least one second hole 260 is 
made in the first substrate 212 through the at least one second 
window 250 using a second laser treatment. The second laser 
treatment also can use a dioxide carbon laser. The first Sub 
strate 212 corresponding to the at least one second window 
250 is removed by the second laser treatment, thus allowing 
the at least one first window 230, theat least one first hole 240, 
theat least one second window 250 and theat least one second 
hole 260 to cooperatively form at least one part-finished 
stacked via-hole 270 in the multilayer printed circuit board. 
The at least one part-finished stacked via-hole 270 is held in 
position by the at least one first window 230 and the at least 
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one second window 250, thereby preventing positional excur 
Sion. Additionally, in the embodiment, because the at least 
one second window 250 is limited by the at least one first hole 
240, the diameter of the at least one first hole 240 is less than 
that of the at least one first window 230, the residual second 
substrate 222 corresponding to the at least one first window 
230 also should be removed during the second laser treat 
ment. As a result, the at least one part-finished Stacked via 
hole 270 having two stepped structures can be formed in the 
multilayer printed circuit board. 

Step 9: referring to FIG. 1I, plating a metal layer 205 such 
as copper onto an inner Surface of the at least one part-finished 
stacked via-hole 270 is done to form at least one stacked 
via-hole 280. The at least one stacked via-hole 280 connect 
the conductive traces from the second copper layer 224 to the 
first copper layer 214, therefore, in the embodiment, the at 
least one stacked via-hole 280 is a blind via. 

Referring to FIGS. 2A and 2B, the method of the preferred 
embodiment can effectively improve quality of Stacked via 
holes. Stacked via-holes using the method of the preferred 
embodiment are formed from the second copper-coated-Sub 
strate 220 to the first copper-coated-substrate 210, i.e., 
stacked via-holes are formed from the outermost layer to the 
inner layer of the multilayer printed circuit board. During the 
forming process, the at least one first window 230 is used to 
limit position and diameter of the at least one first hole 240 in 
the second substrate 222, the at least one first hole 240 is used 
to limit position and diameter of the at least one second 
window 250 in the first copper layer 214, the at least one 
second window 250 is used to limit position and diameter of 
the at least one second hole 260 in the first substrate 212, and 
finally at least one stacked via-hole 280 is formed under exact 
position limitation and diameter limitation. Therefore, possi 
bility of forming poorly-made stack via-holes is greatly 
decreased. Additionally, stacked via-holes using the method 
of the preferred embodiment is formed by two laser treat 
ments, thus laser strength can be adjusted according to win 
dows with different diameters and resin with different char 
acteristics thus allowing the production of high-quality 
stacked via-holes. 

In the embodiment, the method of the preferred embodi 
ment is used to form blind vias with stacked structure. The 
method of the preferred embodiment also can be used to form 
buried vias with stacked structure. Other copper-coated-sub 
strate can be attached to cover blind vias with stacked struc 
ture after formation of blind vias with stacked structure. The 
method of the preferred embodiment also can be used to form 
through-hole vias with stacked structure. Otherwise blind 
vias with stacked structure form at the position of through 
hole vias in the base circuit board. Additionally, the method 
also can be used to form stacked via-holes having more than 
two stepped structures therein. 

While certain embodiments have been described and 
exemplified above, various other embodiments will be appar 
ent to those skilled in the art from the foregoing disclosure. 
The present invention is not limited to the particular embodi 
ments described and exemplified but is capable of consider 
able variation and modification without departure from the 
Scope of the appended claims. 
What is claimed is: 
1. A method for forming stacked via-holes in a multilayer 

printed circuit board, comprising the steps of 
providing a base circuit board having conductive traces: 
attaching a first copper-coated-substrate having a first Sub 

strate and a first copper layer thereon and a second 
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6 
copper-coated-substrate having a second Substrate and a 
second copper layer thereon onto the base circuit board 
in a manner Such that the first Substrate is brought into 
contact with the base circuit board and the second sub 
strate is brought into contact with the first copper layer; 

forming at least one first window in the second copper layer 
thereby yielding a residual second copper layer, 

forming a protective layer on the residual second copper 
layer; 

making at least one first hole in the second Substrate 
through the at least one first window using a first laser 
treatment, 

forming at least one second window in the first copper layer 
through the at least first hole; 

removing the protective layer; 
making at least one second hole in the first Substrate 

through the at least one second window using a second 
laser treatment, thus allowing the at least first window, 
the at least first hole, the at least second window and the 
at least second hole to cooperatively form at least one 
part-finished Stacked via-hole; and 

plating a metal layer on an inner Surface of the at least one 
part-finished stacked via-hole thereby forming at least 
one stacked via-hole. 

2. The method as claimed in claim 1, wherein the base 
circuit board is a single-layer circuit board. 

3. The method as claimed in claim 1, wherein the base 
circuit board is a multilayer circuit board. 

4. The method as claimed in claim 1, wherein the first 
copper-coated-Substrate and the second copper-coated-Sub 
strate are each selected from a group consisting of resin 
coated copper foil and prepreg copper-clad foil. 

5. The method as claimed in claim 1, wherein the protective 
layer is comprised of a material selected from a group con 
sisting of metal and resin. 

6. The method as claimed in claim 5, wherein the protective 
layer is comprised of a material selected from a group con 
sisting of tin, nickel, tin-lead and inert metal. 

7. The method as claimed in claim 1, wherein the at least 
one first window is formed using a photolithographic process. 

8. The method as claimed in claim 1, wherein the at least 
one second window is formed using an etching process. 

9. The method as claimed in claim 1, whereina diameter of 
the at least one first hole is equal to a diameter of the at least 
one first window. 

10. The method as claimed in claim 1, wherein a diameter 
of the at least one first hole is less than a diameter of the at 
least one first window. 

11. The method as claimed in claim 10, wherein the at least 
one first hole and the at least one first window are substan 
tially concentric. 

12. The method as claimed in claim 1, wherein a diameter 
of the at least one second window is equal to a diameter of the 
at least one first hole. 

13. The method as claimed in claim 1, wherein the first 
laser treatment and the second laser treatment are performed 
using a carbon dioxide laser. 

14. The method as claimed in claim 1, wherein the stacked 
via-hole is a via-hole selected from a group consisting of 
blind vias, buried vias and through-hole vias. 

15. The method as claimed in claim 1, wherein the stacked 
via-hole is formed with at least two stepped structures therein. 

k k k k k 


